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Appendix A

SAMPLING SURVEYS WITH SEPARATE REPORTS

Most of the sampling surveys conducted for the present study were concen-

trated at the eight pilot areas,

However, a number of other navigation

projects vere sampled in as much detail as time and resources permitted. This

appendix is an inventory of the sampling surveys, made during the course of

the present study, for which separate reports ware prepared for individual

projects.

Inventory of Sampling Surveys With Separate Report

Proiect

Lake Superior:

Lear Sampling Agency® Appendix No,

3 None with a separate report
2 Lake Michigan:
Calumet River and liarbor, 1967 FWPCA
Illinois and Indiana 1968 FWPCA
Frankfort Harbor, Michigan 1967 LS
Green Bay Harbor, Wiaconsin 1967 FWPCA
1968 FWPCA
Indiana Harbor, Indiana 1967 FWPCA
1967 18
Kenosha Harbor, Wisconsin 1968 WPCA
Manistee Harbor, Michigan 1967 18
Mamitowac Harbor,Wisconsin 1968 PWPCA
Mlxeukee Hirbor, Wisconsin 1968 FWPCA
"Now Buffalo Harbor, Michigan 1968 FWPCA
Oconto Harbor, Wisconsin 1968 FWPCA
Pensaukee Harbor, Wisconsin 1968 FWPCA
Port Washington Harbor, Wisconsin 1968 FWPCA
Two Rivers, Michigan 1968 FWECA
Waukegan Harbor, Illinois 1968 FWPCA
Lake Huron and Connecting Channels:
Alpena Harbor, Michigan 1967 18
Au Sable Harbor, Michigan 1967 L8
Rouge River, Michigan 1967 FWPCA
LaKe Erie:
shtabula Harbor, Ohio 1967 s
Buffalo Harbor, Black Rock
Channel and Tonawanda
{ Harbor, New York 1967 FWPCA
THG Gecumant B .
for public r:x.;:.m paem Gppro
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Table
Project
Cleveland Harbor, Ohio
Erie Harbor, Pennsylvania
Lorain Harbor, Chio

Sandusky Harbor, Ohio
Toledo Harbor, Ohio

Lake Ontario:

Great Sodus Bay Harbor, New York

Cont,

Year Sampling Agency® Appendix No,

1967
1967
1968
1967
1967
1967
19567

1967
1968

A4

A29
AS

A28
A30
A2l
A27

Al
A2

8 - Agency abbreviations: FWPCA - Federal Water Pollut

tration; LS - U, S. Lake Survey D

n/a - Not available
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APPENDIX Al

PILOT STUDY

Summer 1967

GREAT SODUS BAY

DISPOSAL OF DREDGINGS

AN

U. S. DEPARTMENT OF THE INTERIOR

Federal Water Pollution Control Administration
Great Lakes Region
Rochester Program Office
Rochester, New York
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U, 5., DEPARTVENT OF INTERIOR B -
Pederal Water Polilution Control Administration - it
Great Lakes Region . . .
Rochester Program Office S
Rochester, New York

GREAT SODUS BAY DREDGING INVESTIGATION
Summer 1567

Introduction

The following information pertains to predredged gamples collected
at individuel stations from a small boat and composit samples £rom the
Corp of Engineer's dredge Markham as it plied the full length of the
channel being dredged. The post-dredge sample at tha dumping ground was

also an individuel sample. T I .

Predredge Samples

Predredge mud samples were collected by means of & Peterson dredge,
The vater samples were collected Ly weans of an APHA DO sampler Just
above the bottom. Predredge samples were collected as follows:
l. .

Station Date

Y Mud ‘ 164 ' 4-21-67
Vater 164 : C Le21.87
Mad 9, 10, 11, 12 5-16-67
Water 9,10, 1, 12 : 5=16-67
Mud 7, 8, 166 _ 5-18-67
Water 7. 8’ 156 5"18'67

Markham Samples

" Dredged samples were collected at the intakes to the hoppers and the
owr?low from the Corp of Engineer's dredge Markbam. The samples were
comctod as the dredge proceeded up and down the channel, Dredged saxples
were ‘leollomd as follows: | ‘

g, '
-’
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Stations Dates
7 ‘ “otake 7 thru 1 5-23+67"
. ‘ 6?,;:?‘10\: 7 thru 11 5-28-67
\ Cozposite® 7 thru 11 5-23+67
’-. Tntake 7 thru 11 5-25-67
' Overflow 7 thru 11 5-2567
Intake 7 thru 11 5-26+67
Over{iow 7 thru 1) 5-26-67

f'l‘he composite sample consisted of two intake samples that were composited,
'The supernatadt vas oonsidered as water and the realdus remsining as mud,

L

Post -dredﬂng

\ One sample of mud using & Peterson dredge and cne of water by meana of

a wc sampler were collected at Station 166 (dumping ground) om 10-17-67 from

v the Coast Guard Tug Objibwa.
!

Analysis and Data

.ttwiud, see Appendix "&",

| -
i

Oxidation

Y chenical data obtained from the examination of the mud and wvater, Tha
‘ graphical information is presented as follows:
Pigure Parameter
1 pH
. ' \ 2 Conductivity
{ . ‘] 3 oD .
! ! L FPhosphates - otal
: \ p) -~ Dissolved
| 6 Nitrogea - Total
’ 7 - Nitrates
| 8 Salids = Total
, 9 - Dissolved
', 11-2 - Volitle, Total

Couzents relative to same of the paramsters are as follows:

v

R 7

| FPigures 1 to 11, that follow, give a graphical display of scme of the

- Reduction Potential
The analyasis procedures as carried out at the Rochester Program Office are
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Phosphate, Total

Fhosphate, Dissoclved

Commant

The vater sazple from Station 7 of
the predredge samples bacauss of ita
location ocould vary weld be infiuenced

by the lake (166) water pX rather thea

the water flowving froa the harbor. Howe
ever, there {8 no explanation for the
great 4ifference between the spring and

. fall pH at Station 166 unless ths spring

bloczis were a fagter,

"It is quite obviocus when the muds
-are nixed with water as on the Markhaa

they izmpart & high COD ¢to tha semple
wvater. That individual samplea taken
during predredging 4o not reflect the
conditions to Ye expected frém the
mixing caused by the dredging opera-
tion. The results also shov the ex-
cesaive COD loading imparted to the
receiving waters while the dredge ia

in cperation via the overflow discharge,

As in the explanation of the COD adove,
the phosphates also are present in the
muds in greater amounts than in the
water. The dradging operation for short
pariols apparently upsets the water/mud
ratio of phosphates {n that the liquid
overflov and the 1iquid eventually dise
charged to the dumping ground contains
consideradbls more phosphates thad the
overlying wvaters. Settlemant and dis-
persion would soon return the mud/wvater
phosphats ratio dack to normal, Howe
ever, the amocunt of phosphate being
moved sbout may be adsquate to pramote

algae growth in previcusly phosphate
poor water.

The only comment is that it appears

that settling of the sedimant in the
hoppers bas through physical or sech-
anical absorption caused the solusble
phosphate 0 be reduced or retwmed o
the muds, Upon &uxping, some of the
phosphata could again separste Orom the
sediment and be carried by currents.

T




Figure

Parameter

Total Sc‘ids

Coxent

- It 1s quite evident dredging does in-

cerease the total solids of the waters
being dredged. Waile the graphical
display dces not give information on
water over the dredged or duxping area
at the time of dredging, dumping phote-
graphs of othexr dredging operations
show considerable amounts of solids

{n the water. Settlement and dis-
persion, howaver, in a matter of howrs
removes the vigible solids.

Chenical data for each station is displayed in Tadle 1. With known

smounts of dredged material the amount of BOD, CQD, phpsphates, etc.

removed from the channel and deposited in the lake could be estimated.

|

Benthic Biolog
|

Predredge mud samples provided little information as to Benthic life

1
\
bo\u\uo of the saxplescollected, However, the only organisms found were

tubificid worms.
| Station No.

7

9
10

AN S
12
166

Bumber Tubificid Worms

FOF R

i As only & 100 ml sample of mud was provided for the biologlst, the only

cono‘:l.usion reached is that pollution -~ tolerant organisms lived in the area

sempled,

A post-dredge sample collected at Station 166 in October 1967 under

the diologiat's direction provided the following information:

{

1

{

!
o
|

]
{
|

™ubificidae

Poutoporea (scuds)

Tendipedidae

2 e At aa . Y
Vs NG e
il

575/6q. meter
413 sq. metexr
25/8q. weter

- e - -




L o Table I .

‘ S ROCHESTER PROGRAM OFFICE o ' }
. . £Lreat Sodus Bay Dredging Study N
; . o . Chemical,Data

Predredged InfSrmation 1967
T . v ' ' . .

‘, h : § b21|u/21 |5/16 |5/16 [5/36 |5/16 5/16 5/16 | 5/16 | 5/16

o Seee oo ol qeldaeh |9 {30 {u (a2 |9 a0y |30
.. Depen (m) Mud | X Mad Mad | Mud | Mud | Han Hon | Hon | K

i L S R T X 7.2 | 7.217.7 |7.9 |8.0 |8 |
| ' 'spece Conda | 375 | ] 298|360 | 364 | 280
Calialintty. | 200 - Jao4 {102 |102 |102 1
.‘rmuu‘,w_':f. ws |- - 5.0 |4.3 5.0 |44

PR SR I P

P ——

’.,,;:_.;_.x_.roh u,,. 4.5 {7 fa2k 6w (2.68

“"'_N-m:,‘ | .02 .01 |02 .[LO7 (.u4° |.35 [.22 |.22
~  Ne0rge

L. im0 |20 haa 2.8 ps.o. 2.7 |17.0 [12.0 134 [1u.

L PO, ~Tot, a5 {1.23 | .84 [1.27 2.970.23 (.16 |.16 |.16
;o eSol, 05 [.125 025 ..123 |.21h4 |.043
' Solida-Disa. 191 252 | lezr ez

- -sum, .9 9 (M oy ju | T

" ) ot 200 ' 261 212’ |u18 |76
it .;v°1, .| 268/ 72 D37 193 }.32 |2.88

—— 2k

2h (2% |25 25

» —— e | —}-

3
mH(av) 10 W {25 . |20 Jeeo | 260 | 260 | ° ;
: P, "
7

!

o | | .18 3.4 3.7 {3.3 | 2.4




.. ;‘. Table L (cone'y)
Lo *  ROCHISTER PROGRAM OFFICE N
- Great Sodus Bay Dredging Study
i Chemical Data
|
7 '\ ‘ Predredging Information (cont'd) 1967
B o -
. i {
. : 1
| .-
i . -7 & s/18 5/18 | 5/18 | 5/18 |5/18 (5/18
ﬁ ] 30. NO. {‘ 7 7 8 8 166 166
W Depwn (m) | g lvon IMd IMao IMug lMag
}{ ‘ Parameters,’C ;
: . .
LoD me) 8 7u | 8.6
A _ {
E . Spec, Cond, | 33u 300
i' tarbiadty |
E omp
o : -
., G 7.1{ 8.5 9.0 8.2 )
_'. _‘v_:,:.;j N- Tot. Kd‘o: '.21 ‘
NNy o) Lou)ca16 .01 | .ok
: ‘ N=0rg. l‘ '
o i mk'TOto l.s .n l-o !
IR - ~
Cose. | .ou3 | 135 i
. Sedids-Diss. 1 —\
-&139". ‘ ‘{
-Tot.) ! |
£ - Voi, Tlo o
Lo |
Cl. - i i
510, 68.7
r Y& EK (W) | 210 | 330 160 | 320 )
Q SH(mv) .
f‘ r{ 5.7 J!
e . i :‘-’?"r.,*‘_;”g‘;"-:‘;"‘.- s T




Tadle I {cont'd)
' ROCHESTER PROGRAM CFFICE

. Great Sodus Bay Dredging Stway ‘ .
Chezical Data ' . .

Markhea Operation = 1967

']
- Stae. 2o, - E <5/23.5/23) 6/23 9/23 ‘ s5/25 | 5/25 _5/26! ' -
e N LoF lcoW | co IN | OF qx_ of :
Parameters,°C
PH 8,294 7.9% | 7.5 7.8+ | 8.0% B,2%) 8.1 |
- spe0. Cond, .| 3u0 _les2 | 276 “4bo | bgo
~alkalinity | 117|118
Cvurbtatey |
.l DO * '
k - BOD
. cog“'"i.i"'!‘-:if: _3u0( 290 | sk ﬁ. 518 $5 L0 161
N-.'l‘bt: KJ-- 10.4 7.9 | 52 | .63 25 | 281 196 (3.9
'.f,-fl"N-NO3 24| 016 | .13 .32 ;39* .56 | .45
N ' l.N-Org. :
'_;;'__N“-Tot. 1 5.3] 5.4 |.83 |2.51 12.1 | 12.1 8.1 | 5.k
:  asol. | .27] .19 [ .18 |.05 L8 | .28 3| '
Soldds-Diss.] 190 240 | 275 22k | 207 240 | 222
";‘5\.3')- 29960 {12780 | 49225 27726{13063 5535 1968
-"I.'z'ot.:_ 30150 {13020 | 48500 - luggsolrzere] ¢ | 3mel 2] |
. T Vol Ty w70 -260| 155 T | es7| 185 W76 | 26k |
T ocl. \ , |
510, !5 ‘
( & OB (’."N ) | 3604 360% | 365% 250 310%| 300% k5O | Ls5w z
?




¥

T Btas, No. i
- |

.. Depth (n)\

- Parametera,0

‘SPCGo Cdnd..
. . Vo

2able I (cont'd)

ROCKESTER PROGRAM OTFiCh

Great Sodus Bay Dredging Study .

Chemical Data

Post Dredging Information - 1967

L0/17 |10/17 .
266 | 166 i
_Mud {Ban { |

7.7 | L

W0 I
|

10.8°
|

6.0

23 i* = hese Lﬁuesgteken o wi:s. 1| ; Igl_

l IN - ! Inlet| to Hoppers s o .

OF - | Overilow frTm Hoppers l

190 CW. = ,ompoxf;t,wet'Tr

n C=H < Tompofit of,mad | | ‘

- i

76 | | j' :3

l

—

AR
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The nuzmber of Tubificidae found are indicative of a transitional

condition,hovwever, the presence of the clean water organisms (scuds) _ '

4ndicates the bottom is in fair condition and not grossly polluted. Such

. common organisma as Ankistrodesmug, Pedlastrum, Scezedesmus, Sphaeracystis,

and Coelosphasrium, were found in small nuzbera in the overlying wavers

tous indlcating norwal conditions for this tima of the year,

e
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TABLE 2

GREAT SCDUS BAY DREDGING PROGRAM
SAMPLING STATION DESCRIPIIONS#*

Station Description
7 East side of approach channel 100!
inside black can bouy #l, Sodus
Bay
8 West side of approach channel 100!
inside red can touwy #2, Sodus Bay
9 50 feet NNW of black can bouwy #5,
- Sodus Bay approach channel
0 7/ Mid-point of westside approach
channel to Sodus Bay
}
ho § Middle of channel 50 feet north of a
‘ line between bouys #23 and #4 at Sodus
Bay entrance
12 Midway between bouys #3 and #4 on
: approach channel to coal doek
164 In center of Great Sodus Bay midway
between Nicholas Point and the southern
wost point of Eagles Island (b3° 14' 54" -
_76° 56' 57")
- 166 Corp of Engineers Spoil Area in Lake

Outario (L3° 16' 30" - 77° 34 30")

()
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U, S, DEPARTMENT OF THE INTERIOR
Federal Water Pollution Control Administration
Great Lakes Region
Rochester Program Office
Rochester, N, Y.

GREAT SODUS BAY DREDGING STUDY

Summer 1968

Introduction

The following information pertains to pre during and post dredge
samples collected by FWPCA and Corps of Engineers' personnel, Figure
1 shows the location of the stations sampled and Table VII describes
each station,

The FWPCA water samples were collected from a small boat using
PVC samplers and a Ponar or Peterscn dredge for the muds. Both sur-
face and bottom waters were sampled. The Lyman samples were taken
during dredging near Station 10 from the inlet to and the overflow
from the ships holding tanks., FWPCA personnel at the same time
were sampling up and down stream of the dredge.

Predredge samples were collected (See Figure 1) on 6-28-68 at
Stations 166, 11, 10, 12 and 164, The "during dredge" samples were
taken on 7-11-68 from Stations 9, 10 and 166. The post dredge samples
wvere taken on 8-1-68 at Stations 166, 8, 10, 12, and 16L. A second
set of post-dredge samples have also been collected (on 8-15-68) but
the data, except for biology, is not yet available for this report.

All dredged material collected in the channcl ares was disposed

of at a designated spoil area in Lake Ontario, Station 166.
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Data

“he data collected pertains to those paramevers asked for Oy the coa-
sultants. In the case of Great Sodus Bay sucn information as coniferm
and streptococci counts, oil, grease and "tracer" determinations and
physical descriptions of the sediments are not furnished because of

time and/or lack of personnel.

Chenistry

Pre and Post Dredge Data = Tadbles II, IV and V give information on water

and mud samples. TFigures 2 through 16 A are grapaical illustirations of
tihe paraneters examined. 7Thne data &s preseated wnder this heading in-
dicates changes resuliing from the dredglng activities, Tae loadings

to the lake at the spoil areas, however, cannot be based on the material
removed frowm the harbor area. The loadings are determined from the
dredged material in the Lyman hoppers. Much of the suspended, dissolved
and volatile material in the bottom muds is transferred via the dredging
operation through the overflow to the surface waters and is carried out Yo
the laxke or redeposited some place along the caarnel and, taerefore, camnos
be considered as being deposited in the spoil area. Irom thie chemical

and bilological stendpoint littie or no caange nas taken place at a2

spoil area between pre and post dredge sampling (post dredge wud saxples
could not be found in the rocky bottom of the spoil area). The Gredging
the approaca caannel also did not materially change the caaracteristics

oY the water or bovtom sediments. (Stations § - 11).

b de b,

At the mid-pler station 10, very little change occurred in the overliying
water, however, considerable change can be noted in the reduction of Z0D

and COD in the post dredged mud samples, This is also reflected in tae
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roduecd chlorine

‘!-
[&]
[¢]
H

&
!
)
[§]

10w silice centent ol the pre-dredge sedlnany

'

comend of the post dredoe samples., Tric would indicate a substantial

{ 1
o
©
b
s

mount of organic or volatilematericl 3 oorumoved,

Statioa 184 in Sodus Bay, not affected by dredring, wos used as a kace

to determine changes in thae scurce of tie scdimeindt and organic loadings

to the chuonnel. The pre aad post dredge sumples showed scume variation

! in the over-lyinz water, but of suck 2 neture the changes ¢id nov materially

affect conditions at ke dredging site., OCae exception uizat be phospnates.

Prosphates were higa in the muds pricr Lo dredging. Toe iow phosphates

B

n the postv dradge wuls uay nave besn caused by tie leaching cut of

. - .

tae coemical or the erosion of orgenic wmatter during trne gspriag runolil,

Lyaen Water Sewples ~ Teble III gives iaforzmation on water azd rud

sexples. Figures 17 through 23 are grephical illustrations cf the para-
neters examined. It is pointed out that tie Corps of Engineers dispose
of abeut 30,000 cubic yards or about 6 millica gallozs of sediment ezca

year in & desigrated zpeil area.
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»ass vThrough the spoil arcd during each dumping ¢ycac. iv is o

oo

known how many dus)s are wade per dey, oubd if it Iis csswuned a winliuaws

o ten dwrps per day for six days taita piace, ihea sowe 1,3 billion

gallons of water wouid be available to diluite the 30,000 cubic yards

(8 million gallons) of éredged maverial. How weil lhe material is mixed
will depend on the physical waikeup of tue sediments, initial discharge

dilutieons, diffusion and turbulence.

It can be seen from the table and the grapas that the aredge does cause
& aistinct change in characteristics ol the coawiel water as the waier
and sediments are pusped into the dredge. Scome ol the parawkoiers oShow
& caange, the BOD increased but is guite insignilicant in view of tae
quantity of dissolved oxygen contained in the wavers at the awping
ground. The nutrient (phosphate) content ol the dredged water increases
margedly over lake water nutrient conteuil, aowsver since the 30,300

cubic yards represent about 1500 pounds oi disjiaced Shospuaves over &
weeks time in moving waser, then vaere is livtle lixelinood of meaningdil

(time wise) enrichment o ihne spoil area vater., Anzlysis for silica was

rot made on the Lyman samplies, Lut the Lottow noterial in The Qrecge
area (Station 1N) shacwed ascut 7C5 silica and 20% weter, suzgesting tact

the suspe.iad material represented less than 1O, of the dredged waterial.
Visually the laboratory sawples of the intake waterial appeared Lo be
fine sand. Ca %tals basis the volatilenmaterial is well below 1% off %the

material placeé over the spoil area. .Less tusn 500,000 pounds ol volatile

ratter was piaced over the dredged area in the week of dredzing.

Biologzy

Sediment sazmples for bottom fauna analysis were collceited alond With : )

tae cheuical samples prior to, and alfter vhe dredging operat:ons in




an attempt to assess the blological conditicen of the sediments and to

deternmine if the dredging operations signlificantly altered the compositional

structure of the benthic macroinvertebrate comaunities, Since chenmical

and biological samples were both taken from the same sediment grad, the

biological data are negessarily conly meaningful qualitatively.

Two feunal groups, the Chronomidae (midges) and Oligochaeta (worms)
dominated the vottom fauna at each of the stationssompled, with scuds,

caddisflies, fingernail clems and snails appearing occasionally in the

samples. The oligochaetes were not separated irto taxonouwic groups, dbut

the midges were identified to genus when possible.

A total of seven midge genera were found in the semples, with a maxioun

of five genera occurring at three stations. The most cormon midges

collected, Chironomus spp., forms often associated with organically

enriched sediments, were taken at all stations except at the spoil

area in the open luke; here the intolerent forms Procladius spp.,

Tanytarus spp. and two unidentified forcs were collected. Although

the presence of Chirononus spo., in associsiicn wiva rsderate oligochaete

densities is suggestive of eutrophic conditions, the Talirly cdliverse

assemblage of animals including the intolerax

bl A g .
TAOU LLGZES LLL/uArEusS ITD.,
Pt bt gindied 7L

Procladius spp., Polypedilua spn. end Cryptochircacrns spp., along with

clean water scuds is evidence that the sediments are not excessively

enriched.

The dredging operation had no measurable eflects upoa the benthos,

discernivle within the limits of sampling reliabilily. Eecause

quantitative benthic samples were not taken from all stations before

‘wmwml A s s i
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fauna remained esccntially wnchanged at all statlions after dredging.

Conclusion

Frem the Lo gpresenved It ig evident tast prlor to dredgisng the
¢hannel gediments ou Suvatlon 10 cculdld ta considcred Lo be polluted

or e poiluiint. Hovever, wgon 4Qvadging the muds wre so ciluied that
thelr siranzih i35 toriedly reduced when punped avcara the dredge. Uzen
being dumped, the .t:enaua of tae resicue is further reduced by <he
rassive moveuent of Lalie Caverio water across vae spoil area. Tae pre
and post dredzing sioplias at whe s2oil ares and Station 11 indicate
iittle chenical and biologziczl chenges wake ploce to the aetrizent of
the lare. Unless th2 volwne and strensih of the dredged material con-

Tinues 1o increcse it i3 concluded that the dredzings from the Great

Sodus Bay chonrel do net coastitute a wajor zcllutic

tazard to Lake

13}

Ontario.
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Stations & aad 9 ve allowed Yo be dumped ot the S3¢us szoil area in

Lake Cntario,
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BAY DREDGING STUDY - 1968

GREAT SOUS

Tabla 6
Bottom Founo Distribution

R, S S S S 3

N s =




TABLE VII

GREAT SODUS BAY DREDGING PROGRAM
STATION DESCRIPTIONS*

Station Description
1
8 Midstream of approach channel 1,000

feet north of Sodus outer light

9 Fifty feet NNW of black can buoy #5,
Sodus Bey approach channel.

10 Midstream of approach channel mid-
way between the north and south ends
of channel breakwaters.

1l Middle of channel 50 feet north of a
line between buoys #3 and #4 at Sodus
Bay entrance.

12 Mid-way between buoys #3 and #: on
approach channel to coal dock-

164 In center of Great Sodus Bay mid-way
between Nicholas Foint and the southern
most point of Eagles Island.

(43° 24' 4" - 76° 56' 57")

N e Ak e - S s+ e mame w0

166 Corps of Engineers Spoil area in Lake
Ontario
(439 16' 30" - 779 3k' 30") i

# See Figure 1
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GREAT SODUS BAY DREDGING STUDY — 1968
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BUFFALO HARBOR DREDGING EFFECTS INVESTIGATION
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INTERIM SUMMARY OF BUFFALO
HARBOR DREDGING EFFECTS INVESTIGATION

March 1967

INTRODUCTION

This interim summary of the Buffalo Harbor uredging investigation
includes data on in-place materials (sediment anc water) sampled prior
to dredging of the Buffalo Harbor, Buffalo River, and Black Rock
Channel. Summary data on the concentration of constituents present in
the inflow and outflow of the hopper dredges during dredging of the
Buffalo Harbor and Black Rock Channel are also included.

The investigation in the Buffalo Harbor is directed towards de-
termining the quality characteristics of the materials dredged, local .-
effects of dredgirg in the dredging areas, snd evaluating the efficacy
of depositing the materials dredged from the Buffalo River into a sector
enclosed by a dike constructed of steel plant slag.

It is not planned to investigate the effects on Lake Erie from the
disposal of Buffalo Harbor dredgings into the lake. Such a study in
this area would be inconclusive since any effects would largely be ob-
scured by wastes from Bethlehem Steel and other industries currently
entering Lake Zrie in the immediate vicinity of the dump area.

Unavoidable delays in the construction of the dike severely lim~
ited the extent of sampling during and following completion of the
Buffalo River dredging. Although some very preliminary indications of

the sultability of disposal within the dike area have been obtained,

bt i i 3 el 4l tgl L &




data to be collected prior to 1968 dredging are needed to reach more
valid conclusions.

This summary is based principally upon sampling of bottom sedi-
ments and overlying water in the Buffalo River, Harbor and Black Rock
Channel. Relatively few ine-place sediment samples were collected in
the Buffalo River. It is planned to more definitely determine the
characteristics of these sediments from samples collected of the
dredged material loaded on barges., These samples are currently being
analyzed. Figures 1 and 2 show the sampling points.

Sediment Analysis

Figures 3 through 6 show the results of sediment analysis as

value profiles for the river, harbor, and the Black Rock Channel.

Chemical Oxygen Demand

The Chemical Ox'gen Demand (COD) of the harbor and channel is
shovn in Figures 3 and 5. The COD exceeded 100 mg/g at the south
end of the harbor and decreasea towards the north end of the harber.
Ferrous iron wastes from the Bethlehem Steel and Hanna Furnace plants
most probably account for the higher concentration at the south end of
the harbor. The mouth of the Buffalo River is at the extreme north end
of the outer harbor., The flow from the river moves north into the i
Niagara River and the Black Rock Channel. The increase of COD in the s

sediments from the south end to0 the north portion of the channel most

probably reflects the inputs from the Buffalo River together with inputs

o i) i

from Scajaquada Creek which enters at the north end of the channel.

The maximum COD (218 mg/l) was found at the north end of the channel.
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The limited Buffalo River data indicates that the CCD of the i
sediments is lowest at the upstream limit of the dredged sector and
increases downstream to 180 mg/g in the vicinity of several industrial
waste discharges. It decreases markedly at the river mouth where sig-
nificant dilution with lake water occurs.

Volatile Solids

The concentration of volatile solids in the sediments (Figure 3) z
folloved a distribution pattern similar to that of the COD. The pax-
imum concentrations were 107 mg/g at the south ead of the harbor, 119
nmg/g in the channel and 126 mg/g at the lower end of the Buffalo River.

0il and Grease

Concentrations of 10 mg/g of oil and grease (hexane extractables)
were found at the south end of the harbor and the north end of the 3
channel. Quantities as low as 1,73 mg/g were found in the intermediate
sectors. The concentration ranged from approximately T mg/g at the :
upper limit of dredging and at the mouth of the Buffalo River to a max-
imum of 27.6 mg/g near the center of the dredged portion.
Phosvhorus

The amount of phesphorus in the sediments was about 1 mg/g through-

out the harbor and channel except at the north end of the channel where

it vas 1.72 mg/g. The higher value found at this location probably
results from combined sewer overflows to Scajaquada Creek. The concen-
trations in the Buffalo River were also relatively ccnstant, ranging =

from 1.0 to 1.3 mg/g. B
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Nitrogen

The total nitrogen level in the sediments was higher at the

south end of the harbor (2.89 mg/g) and at the north end of the
channel (3.26 mg/g) than at any intermediate point sampled. The con-
centration vas somewhat more uniform in the Buffelo River, ranging
from 2.2 mg/g to 3 mg/g found .9 miles upstream of the mouth.

Iron

The maximum concentration of 125 mg/g of iron was found at the
north end of the harbor which receives iron bdearing wastes from the
Hanna Furnace and Bethlehem Steel plants. In other porticns of the
harbor and channel the sediments contained about 50 mg/g of iron.

As vas expected, the maximum concentration of iron (113 mg/g in
the Buffalo River was found near steel plant waste discharges. It
vas approximately 29 mg/g at the upper dredging limit and 49 mg/g at
the mouth.

Diked Area for Disposal of Buffalo River Dredgings

Figures 7 through 12 shov the concentraticn of the various con-
stituents in the sediments in the vicinity of the diked disposal area
as well as the harbor and the Buffalc River. It is noted that the
concentrations of total phosphorus, total nitrogen, and volatile
8olids were essentially the same near the diked sector as in the ad-
Jjacent harbor area. The quantity of COD, iron, and oil ;nd grease
is somewhat lower in the immediste vicinity of the diked area than in
the nearby harbor sector. This would seem to indicate that the move-

ment and deposition of waste materials from the Bethlehem Steel and
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Donner Hanna plants tends to occur in the hardbor and they do not
enter the area near the dike.

Sediment l.oad Summary

The loedings of the various constituents to the Lake Erie dump-
ing grounds resulting from the Buffalo Harbor and Black Rock Channel
dredging in 1967 is presented in Table 1. The reported values were
calculated from analyses of sediment samples collected from hopper
dredge loads and the total dry solids dredged as determined by the
Corps of Engineers. Althovugh the number of hopper dredge loads
sampled was somewhat limited, the reported values are believed to be
reasonably valid.

Table 2 shows the quantity of the constituents of the material
dredged from the Buffalo River and placed within the diked area.

These values are at best approximate as they are based on the analysis
of relatively few samples of in-place sediments collected from the
Buffalo River. A larger pumber of collected samples of the materials
loaded on the scows is currently being analyzed. Use of these deter-
minations when available will provida & more dependable estimate.
Table 3 shows the average concentration of constituents found in above
areas vhich wvere used in calculating the loadings.

Benthic Biology

Sludgevorms vere the predominant benthic organisms found in most
of the areas sampled. The numbers found are presented in Figures 13
and lé. Some areas were essentially devoid of benthic organisms. This

vas true of the Buffalo River and the extreme scuth end of the harbvor.
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TABLE I

IQADIRGS TO LAKE ERIE FROM RUFFALO HARBOR
AND BLACK ROCK CHANNEL DREDGING - 1967

Black Rock
~ Constitusnt _ Harbor Channel Total
: (1vs) (lvs) (1bs)

' Chemical Oxygen Demana 57,300,000 3,420,000 60,720,000

£ Chlorine Demand (15 min) 2,230,000 - -
“"" Volatile Solids 48,900,000 2,530,000 51,430,000
041 and Gresse ., 3,510,000 184,000 3,694,000
Phosphorus " 402,000 . 28,000 430,000
Nitrogen 1,150,000 62,300 1,212,000
Tron 141,700,000 1,110,000 k2,810,000
... "Total Dry Solids 516,600,000 24,800,000 541,400,000

C. —---/,

- Note: Based on availsble data. Additional forthcoming data may

vesult in some adjustment.
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TABLE 2

LOADINGS FROM BUFFALO RIVER
DEPOSITED INTO DIKED AREA

1967
Constituent Pounds
Chemical Oxygen Demand 12,100,000
Volatile Solids 7,810,000
Oul and Greease 1,120,000
Phosphorus 94,400
Nitrogen 215,000
Iron 4,980,000
Total Dry Solids 82,10r ,000 o

! Note: Tentative estimate, Forthcoming expected to provide more
: dependable values.
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TABLE I

LOADINGS TO LAKE ERIE FROM BUFFALO HARBOR
" AND BLACK ROCK CHANNEL DREDGING - 1967

Black Rock
- Constituent _ Harbor Channel Total
_ (1bs) (1vs) (1vs)

- Chemical -Oxygen Demand 57,300 ,000 3,420,000 60,720,000

. Cnlorine Demand (15 min) 2,230,000 - -
""" Volstile Solids 48,900,000 2,530,000 51,430,000
011 and Grease | 3,510,000 184,000 3,694,000
Phosphorus ’ 402,000 28,000 430,000
Fitrogen 1,150,000 62,300 1,212,000
Tron 11,700,000 1,110,000 k2,810,000
. “rotel Dry Solids 516,600,000 24,800,000 541,400,000

L

. Note: Based on available data. Additional forthcoming date may

result in soms adjustment.
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TABLE 2

LOADINGS FROM BUFFALO RIVER
DEPOSITED 4NTQO DIKED AREA

1967

Constituent Pounds
Chemical Oxygen Demand 12,100,000
Volatile Solids 7,810,000
Oul and Grease 1,120,000
Phosphorus 9k,Lo0
Nitrogen 215,000
Iron 4,960,000
Total Dry Solids 82,100,000 o

Note: Tentative estimate.
dependable values.

Forthcoming expected to provide more

19
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TABLE 3

AVERAGE CONCENTRATION COMPARISON FOR VARIOUS AREAS
(mg/g dry weight)

Constituent Vicinity Buffalo DBuffale DLlaek Rock
of Dike Harbor River - Channel

COD 89 111 14T 138

Total Volatile Solids T4.0 94.9 95.2 102
Chlorine Demand (15 min.) - L.13 - -

0il and Grease 2.43 6.01 13.63 T.43
Total Phosphorus 0.852  0.7718 1.15 1.13
Total Nitrogen 1.58 2.23 2.62 2.51
Total Iron 65.5 £0.9 60.7 LL.8

20
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Materials toxic to the organisms are suspected of being present in the
water and/or sediments at these locations., Smothering by erosion
materials may also play a part.

In the Black Rock Channel sludgevorms were overwhelmingly dom-
inant. In the portion of the herbor extending from the dike area to
the north end of the harbor there were fewver sludgeworms and a some-
what more balanced benthic population. This indicates that this
sector is somewhat less polluted vhich was also shown by the chemical
characteristics of the sediments.

Samples for determination of benthic organisms present in the
area surrounding the dike area were also collected after termination
of the 1967 dredging. Similar determinations are to be made prior
to 1968 dredging operations. A compagative evaluation of the organ-
isms present before and after dredging may provide significant infor-
mation as to the effect of dredging operations.

WATER ANALYSIS

The ranges of the concentrations of constituents present in the
waters in river, harbor, channel, and dike disposal areas prior to
dredging operations are shown in Table 4, The waters at the lake
dumping were not investigated as the available time was limited, It
vas believed that the high background concentrations due to Bethlehem
Steel waste discharges in the immediate area would obscure any before
and after changes in water quality and render such investigation

relatively inconclusive,

The disposal of dredgings from the Buffalc River was somewhat

23
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TABLE L

CONCENTRATION RANGES OF WATER CONSTITUENTS

Constituent

Vicinity Buffalo Buffalo Black Rock

of Dike Harbor River Channel
Total Phosphorus 0.03-0.08 0.03-0.06 0.17-0.82 0.04~0.08
Organic N mg/: 0.28-0.70 0.39-1.01 2.02-4,93 0.39-0.68
Ammonia N mg/l 0.0i-0.14 0.01-0.10 0.05-0.10 0.03-0.22
Nitrate N mg/l 0.06-0.13 0.02-0,10 0.1k-0.32 0.06-0.23
Chloride mg/l 23-26 23-26 38-6L 235
Phenol ug/l 0-3 0-20 32-1590 0
Total Solids mg/l 176-375 206-273 207-k28 231-345
Suspended Solids mg/l 0-8 0-8 0-50 2-32
Conductivity 320-3L0 320-350 400-670 320-400

micromhos/cm
Coliforms/100 ml 70-L00 100-800 15,000-36,000 <10-4600
TABLE S
MEDIAN COLIFORM CONCENTRATIONS
(org/100 ml)

Vicinity Buffalo Buffalo Black Rock

of Dike Harbor River Channel
Coliforms/100 ml 350 Loo 21,000 1,920

24
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curtailed and not completed until the end of November. This limited
the extent of sampling during and after the dredging. Not all of the
analyses of these samples have been completed. Preliminary exemina-
tion of the currently available data does not indicate any changes
in the water quality outside of the diked area due to disposal opera-
tions. It should be recognized that the analytical methcds for par-
ameters used may not be sufficiently sensitive to show slight changes
that do occur in the surrounding weters. Table 5 shows median coli-
form concentrations in the areas stulied. No changes in the bacterial
quality of the water cutside the diked area due to disposal operations
are discernable.

CONSTITUENTS IN THE INFLOW AND OUTFIOW OF HOPPER DREDGES

Data on certain constituents in the inflow and outflow of hopper
dredges are presented in Table 6. The values shown are the average
concentrations of those found in several dredge loads.

SOME TENTATIVE CONCLUSIONS

The hopper dredging operations in the Buffalo Harbor and the
Black Rock Channel markedly increased the visually observed turbidity
and floating oils in the area dredged during the operations. The oil
films persisted for some time after the dredging.

From limited data now available, it appears that the disposal of
dredged materiels within the diked area does not create any signifi-
cant detrimental effect on the waters surrounding the dike.

It is believed that the more accurate procedure for determining

the constituent loadings in the dredged materials is to collect
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TABLE 6

AVERAGE CONCENTRATION OF CONSTITUENTS IN
INFLOW AND OUTFLOW OF HOPPER DREDGES

mg/l

Buffalo Harbor

Black Rock Channel

Cunstituent Inflow Outflow Inflow Outflow Inflow Outflow
6-15-67 6-15-67 6-19-67 6-19-67 7-5-6T7 T-5~6T
COoD 33,200 16,000 22,300 14,600  L47,000 35,000
Chlorine Demand - - 1,350 682 - -
0il and Grease * 107 302 176 231 790 181
Total Phosphorus 12.2 5.02 9.23 9.00 29.4 18.2
Total Nitrogen L33 341 396 375 1,004 696
Total Iron é.lul 1,361 1,L35 wul 2,020 1,158
Hydrometer Density 1.196 1.125 1.180 1.098 1.150 1.063
Total Volatile 24,00 17,900 21,000 13,700 k0,000 20,600
Toi:iigzlids 353,000 213,000 296,000 165,000 336,000 1L7,000
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representative samples of the materials loaded on the dredges or : 1
scovs. Sampling of hopper dredge inflow and overflow does present
aome problems,
|
{
4
;P ’
i
|
o2
~ I'
p !
i
|
i
}
ot
() {
27 f
i
t
e ’
. ’“MA
‘?":*"’"‘.i\.*"..u;“;“ D S
e =y L ETT T T LT = e




b .

APPENDIX A4

INTERIM SUMMARY OF CLEVELAND

HARBOR DREDGING EFFECTS INVESTIGATION

1967

By
Robert P, Hartley
Chief, Surveillance Section

December 1967
CLEVELAND PROGRAM OFFICE

FEDERAL WATER POLLUTION CONTROL ADMINISTRATION
Revised September 1968

I
3
t
L}
i
}
14
}
RN Kb e




TABLE OF CONTENTS

INTRODUCTION . & v v v v v o v v o v o v s o s

SEDIMENT ANALYSIS.

Chlorine Demand.

.

)

Chemical Oxygen Demand .

Volatile Solids.

Biochemical Oxygen Demand

0il and Grease .
Phosphorus . . .
Nitrogen .

Total Iron .
Silica .

.

Sediment Load Summary

Benthic Biology.

WATER ANALYSIS .

MISCELLANEOUS MEASUREMENTS .

TENTATIVE CONCLUSIONS.

.

.

.38

Immediate Effects of Dredging. . « « . . .
Long-term Effects of Dredging. . . . . . .

TENTATIVE RECOMMENDATIONS. . . . « « + « + &« o .
FIGURES

1. Cleveland Harbor Dredging Study
Cuyahoga River Sediment Data. . . . . .
Cuyahoga River Sediment Data. . . . . .
Cleveland Harbor Sediment Data., . . . . .
Cleveland Harbor Sediment Data. . . . . .
. Cleveland Dumping Ground Sediment Data, .
. Cleveland Dumping Ground Sediment Data.
. Chemical Oxygen Demand, Bottom Sediments,

Stations.

3/29-3/30 .

W D= OV Fw

. Chemicel Oxygen Demand,
. Chemical Oxygen Demand,
. Chemical Oxygen Demand,

Bottom Sediments,
Bottom Sediments,
Bottom Sediments,

L/3-L/L
6/1L-6/21

. BOD

. Bong,
. BOD?

. BO“)
. BODZ,

Bottom
Bottom
Bottom
Bettom
Bettom

3/23-3/30 .
W3/ o, o, o, L,
L/10-k/17 . . .
6/12-6/22 . . .
Sediments, 7/12-7/18 .

Sediments,
Sediments,
Sediments,
Sediments,

7/12-7/18

« s+ & a2 s e

.

17. Ni17and Grease, Bottom Sediments, 3/23- 3/31 e e e e e

Page

12
13

. 18

19
25
28

. 30

hl

L1

. b7
. b8

. h8

kg
53




TABLE OF CONTENTS

FIGURES Page
18, 0il and Grease, Bottom Sediments, T/10-7718 . . . . . . . 27
15, Total Phosphorus, Bottom Sediments, 3/23-3/30 . . . . . . 29
20. Total Nitrogen, Bottom Sediments, 3/23-3/31 . . . « « . . 31
21. Total Nitrogen, Bottom Sediments, 4/3-4/4 . . . . . . . . 32
22, Total Nitrogen, Bottom Sediments, L/10-L/17 ., ., . . . . . 33
23. Total Nitrogen, Bottom Sediments, 6/12-6/22 . . . . . . . 3b
2L, Total Nitrogen, Bottom Sediments, 7/11-7/18 . . . . . . . 35
25. Total Iron, Bottom Sediments, 3/23-3/31 . . . . . . . ., 36
26. Total Iron, Bottom Sediments, L/10-L/27 . . . . . . . . . 37
27. Silica, Bottom Sediments, 3/23-3/31 . . . . . + « « + o . 39
28. Sludgeworms, Bottom Sediments, 3/23-3/31. . . . . . . . ., 42
29. Sludgevorms, Bottom Sediments, L4/10-b/12. . ., . . . . . . 43
30. Sludgeworms, Bottom Sediments, 7/67 . . . . . « . « . o . Uk

TABLES

1. Cleveland Harbor Dredging Study Sampling. . . . . . . . . 3
2. Loadings to Lake Frie from Cleveland Harbor and
River Dredging, T/1/66-T/1/6T7 . . . . « « v « « « « » 38

3. Average Concentration Comparion for Various Areas . . . . kO
L, Concentration Ranges of Water Constituents. . . . . . . . L6
S. Average Coliform Concentrations . . . . . . . . . . . « . Lb

-*WWWMWWWW,.MW e




INTERIM SUMMARY 0% CLEVELAND
HARBOR DREDGING EFFECTS ITNHVESTIGATTION
DECEMBER 1967
CLEVELAND PROGRAM OFFICE

INTRODUCTION

This summary of the Cleveland Harbor dredping investigation
only includes data on sampled in-place materimls (sediment and water)
from the harbor and dumping area. It is essentially a preliminary
report on effects pertaining to present methods of dredging and dis-
posal, even though the actual operaticnal characteristics of dredging
have not yet been investigated in detail.

The final revort on dredping for the Cleveland area will include
detail on the water quality effects of various disposal methods (i.e.
deep water versus diked area), the immediate effects of the dredging
operation (material removed versus material returned), and specific
criteria for determining the disposal and dredging methods, To com-
plete the investigation several analyses remain to be made., The
Cleveland diked area (pilot dike) will be studied intensively as will
the dredged materials while dredging.

In addition to the Cleveland investigation all other Lake Erie
harbors will be sampled to determine the quality of existing sediments
in more detail. This is necessary in order to meke a sensible Judg-

L
ment on disposal methods. It is recognized that it may not be wise
to keep all harbor sediments from reaching the lake and that some may

be beneficial. These investigations will he rerorted separatelv from

the Cleveland revort.,
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The summary is based upon sampling of bottom sediments and over-
lying water in the Cuyahoga River navigation channel, the outer
Cleveland Harbor, and the dredging dump for these areas, Figure 1
shows the sampling locations., The characteristics of central Lake
Erie bottom sediments are based upon sempling done in 1963.

The schedule of sampling at Cleveland is shown in Table l. The
sampling was designed around dredging schedules. The river was dredged
by clamshell between 28 March and 1 July 1967 and the outer harbor wvas
hopper dredged between 27 March and 6 April 1967.

Tabulations of analyses are not presented in this report bhut are
available at the Cleveland Program Office, FWPCA,

SEDIMENT ANALYSIS

Figures 2 through 7 show the results of several sedimeat analyses
as value profiles for the river, the narbor, and the dump.
Chlorine Demand

Chlorine demand (15 minute) was determined on a dry weight basis
for bottom sediments at the river and harbor stations in September 1967,
It has not been determined for any dump or lake bottom samples, ;

Cuyahoga River sediments have & high chlorine demand {Figure 2),
due probably to high ferrous iron content. Test results were errsatic
as might be expected but above one mile from the river mouth the demand
aversged more than 30 mg/g. Using data provided by the Corps of Engin-
eers on sediment density(120% lus dry wt/yd3), the average 15 minute
demand per cubic yard of in-place sediment would be approximately 36
pounds. Extending this to an average scow load of dredged material

(1350 cubic yards) the demand would be 48,600 pounds., Extending further
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TABLE 1

CLEVELAND HARBOR DREDGING STUDY SAMPLING

Sampling Date
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TABLE 1 {Cont.)

CLEVELAND HARBOR DREDGING F[UDY SAMPLING

Sampling
location

3/23
3/2h
3/27
3/28
3/29
3/30

3/31
L/3
L/l
L/10

Sampling Lata

L/i2
b/17
€/12
6/13
6/1h
6/16
6/21
6/22
1/10
7/11
712
1/13
7/17
7/18
9/12
9/1k
9/15
9/18
9/20
9/21
g/22
9/25
9/26
9/27
9/29
10/2
10/3
10/%

Dump(cont. )

C22-19
€22-20
c2e-21
Ce22-22
Cc2e-23
ca2-75
€23-5

W

W W W W

1. Before any dredging

2. During hopper and scow
3. During hopper and scow
L. During scow dredging -
5. During scow dredging -
6. After all dredging

7. Long after all dredging

Hopper dredging outer harbo
Clamshell dredging river

W wWwwwWww
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on
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dredging - before scow dumping
dredging - after scow dumping
after hopper dredging

long after hopper dredging

r 3/27-4/6/67
3/28-1/1/61
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to the yardage reoved from the Cuyahoga during the past year (773,000
cubic yards), 28 nillion pounds of chlorine would probably have been
required to satisfy the 15-minute demand.

In the lower one mile of the Cuyahoga River the chlorine demand
decreased rapidly to the level of the outer harbor.

Chlorine demand in the outer Cleveland Harbor, that part of the
harbor between shore and the offshore breakwater, averaged about 12 mg/g
or 2k 1bs/ton dry weight. Extending this to a hopper dredge load equiv-
alent of 850 tons dry solids, the derand is 20,000 pounds per load.
Extending again to the amount of sediment removed in the past year,
(199,000 tons) the total 15-minute demand would have been 4,776,000
pounds.

The chlorine demand per unit of dry weight in the outer harbor
sediments is only about half of that in the river sediments.

Chemical Oxygen Demand

The chemical oxygen demand (COD) of the river sediments is high
(Figure 2), This demand climbs steeply in the lower one mile of the
river from an average of 70 mg/g to 170 mg/g. Above one mile the
average climbs gradually tc about 270 mg/g near the head of the nav-
igation channel. A maximum of 3Ll mg/g was recorded about five miles
upstream. An average for the entire river would be about 2L0 mg/g
or about 480 1bs/ton dry weight., This is roughly equivalent to 290
1bs/yd3 of in-place sediment or 391,500 pounds per scow load of 1350
cublc yards. Extending this to the total past year's river dredging,
223,570,000 pounds of COD was removed.

The chemical oxygen demand of the outer harbor sediments averaged

12
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about 95 mg/g or 190 lbs/ton dry weight or less than 40 percent of
that in the river. Usiig 850 tons as a hopper dredge load, 161,000
pounds of COD would be .untained therein. For the past year's hopper
dredging 37,810,000 pounds of COD was removed. This is only about
one-sixth of that dredged from the river.

Chemical oxygen demard of the sediments in the dumping ground
varied widely with time indicating either considerable transport or
change of in-place sediment character. Both phenomena are probably
responsible, Figure 8, 9, 10 and 11 indicate the magnitude of the
changes. Figure 6 shows a longitudinal COD profile in the dumping
ground. The two areas of dumping are prominent with the river dumping
gite showing highest values. The background sediment COD in this area
was apparently in the vicinity of 80 mg/g.

Volatile Solids

Volatile solids in the Cuyahoga River followed a pattern similar
to COD with a rapid increase upstream in the lower mile from about
50 to about 100 mg/g dry weight (Figure 2). Above one mile the in-
crease was gradual to about 135 mg/g in the upper two miles of the
navigation channel. The average for the river was about 125 mg/g or
250 1bs/ton. This is equivalent to approximately 150 pounds per cubic
yard of in-place sediment or 202,500 pounds per dredging scow load.
This ratio applied to the past year's dredging gives 114,433,000 pounds
of volatile solids taken from the river.

Volatile solids in the outer harbor also followed a pattern sim~
ilar to COD (Figure L), The average concentration was about 65 mg/gf -

130 1bs/ton - slightly less than half the concentration in the river.

13

S A A 1%



(8/0w) 0§ TYAYILNI BNOLNOD :ILON

296l

5
AGnis 9NI9a3¥a s o . A e
YOSHVH ANVI3A3TD $ —— m
0€/¢ - 62/€ o

SLN3IWIO3IS WOL108
(6/6w) ANVIJ N3OAXO TVIINIHD

ONYI3A30 40 ALDD

SNOAIVEING) DAVAISd

T

L N

||||||||||| w8 |ﬂ1|||| ==
JI¥3 JNr 7
¥ - - e MM AT SR . - P

P e Y

L PR

T g




T ]

h T, 3
(/0)0F IVAWILM BNOLNOD ILION 2
1961 | A o G
AGNLS O9NI9A3¥0 A Y S mw o
HMOSHYH ANVYIIA3TD N 3wos 3m 2
/b -/t B
SIN3WIG3S WNO1108 | .
(8/6w) ANYW3A NIOAXO TVOINIHD 2 _
, n
o
QHYI3A310 40 ALID | "J
€
>,/ & &W
\\|§¢
i R e S e itd
Tl o NI NTTTIEIIITNIII IR .  f 0
4 W0 -o.u-.:nou FivAING “ " ..
GOD %»o“\\ NOIN‘O n-.\ o nh.yll o m [
W/ K :
! —a s 8R4 &
e e e - —-—— n.dv-\lt\l .uunl ||||||| 4
: )
3183 INv? w
% i
e - - .

R . L. K IS T o M




i i ST T S

_ .
. . - - RS e e m .. ——————— L E
i
‘ }
- . - - e— . R . S
(8/8m)0C WANILM MNOLNOD (ILON \
1961 oo =1 |
AGNLS 9NI9G3YQ w.. : . — |
YOBHYH GNVI3A3IT . W 3as zum 5 A
1279 - b1/9 . K
| SIN3WI03S WO1108
{6/8w} ONYW3A N39AXO TYIINIKD
ONVI3IA3TD 40 ALDD
\h\\.‘oo- -ﬁ ||||||||| el TTT TS u
............. : ..,.i..s./\.\J
‘ ' )
e “ v\\\ o2 ovu_~ m °
\w\ 4o \
3183 Fyr
i* - - - "
- £ -




I
o ) - ‘
Rk

ﬁ ]
i —__ ad A,\‘
(6/0w) 06 VAHILNI HNOINGD I10M - ,

AGNL1S 9NI933HA 4 . . . 13 7_
xomqu °z<dm>wl-° " 27v98 W . m ;

81/L - 2/L 5L

SINIWIG3S NWoll08 1

l (6/5w) ANYW3A NIOAXO TVIIWIHI
|

7

%

|

ONVI3A31D 40 AL1D ;

=

la) “;

M

Yo

£y

ﬁ

&

wm

A

|

|

!

¥ . o E

i

._

I

|

-. o ra P 4 @m




"

p—

A hopper load of 850 tons dry weight would contain 108,000 pounds of
volatile solids. A total of 25,835,000 pounds was removed in the
past year's dredging.

Volatile aolids in the dumping ground have a pattern very sim-
ilar to COD (Figure 6). The river and harbor dump areas wvere easily
identified by volatile solids. These areas had concentrations of the
sape magnitude as the scurce areas with the highest ¢ .ncentration in
the river Aump area.

The background volatile solids concentration in the vicinity of
the dumping grounds is in the range of LO to 50 mg/g.

Biochermical Oxygen Demand

The 5-day bilochemical oxygen demand (BODS) teat on sediments is
not considered a very good test as performed for this study. The test
involved initial stirring and ther quiescence for five days. Results
varied widely (Figure 2) in the river sediments and toxicity may have
played some part in the scatter. In addition some of the oxygen
demand measured here is chemical in nature. The extent is not deter-
miued since IDOD vas not measured.

THE BOD5 of the river sediments, as measured, averaged about 15
mg/g or 30 lbs/ton dry veight. It increased sharply within the lower
mile and then climbed gradually to the head of the channel. An
average of 30 lbs/ton is approximately equivalent to 18 pounds per
cubic yard of in-place sediment. This would give 24,800 pounds per
1350-yard scov load and 14,200,000 pounds total removed during the

past year,
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BODS values for outer harbor sediments were much more uniform
(Figure 4) and averaged about 5 mg/g or 10 lbe/ton. This value would
give about ©.350 pounds per hopper dredge load of 850 tons and
1,990,000 pounds removed during the past year.

BODS in the river sediments averaged about 6 percent of the COD
and in the harbor about S5-1/L percent. The profiles of each were
similar except in the east part of the outer harvor where COD rises
and BODS appexrs to fall, Chlorine demand was also higher in that

area,

In the dumping ground BOD_ was widely variable but the pattern

5
was similar to COD (Figure 6). The actual dump sites showed higher
30D and the river dump the highest. Figures 12 through 16 show areal
variatiors of BODc in the dump sediments with time.

0il and Grease

Oils and greases are the constituents of the Cleveland harbor
sedimentes which cause the most offensive appearance. They were
measured for this investigation by hexane extraction.

In the Cuyahoga River navigation channel oil and grease content
is high (Figure 3). In the lower mile of the river the concentration
climbs sharply from S mg/g to 25 mg/g of dry weight. In the next mile
it remains relatively constant and then climbs to about 45 mg/g. In
the upper mile of the navigation channel the oil concentration falls
to about 35 mg/g. An average for the river would be about 35 mg/g or
70 1bs/ton of sediment dry weight. This is equivalent to abcut 42
pounds per cubic yard of in-place sediment or 56,360 pounds per dredg- !

ing scow load. Extending this rate, 32,270,000 pounds were removed i

19
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from the river in the past year by dredging. i

The oil and grease content of the outer harbor sediments is nuch
lower (Figure S), averaging about 8 mg/g dry weight or 1€ lbs/ton. This
concentration would give 13,600 pounds per hopper dredge load of 850
tons and 3,170,000 pounds for the past year's dredging. This is only
about one-tenth the quantity removed f{rom the river.

0il and grease content in the dumping ground (Figure 7) reflects
the disposal of dredged material, with higher content in the two actual
areas of 1967 dumping. The background level aprears to he less than &
mg/g but in the dumping ground it elimbs to more than 3C ng/g. The re-
sistance of hydrocarbon oils to breakdown has apparently resulted in a
general build-up of oil and grease in this area from dredging of past
years. The background level of L4 mg/g is much higher thun the level in
nidlake of less than 0.5 mg/g. TFigures 17 and 19 show the areal patterns
of o0il concentration in March and July, 1967. ligh levels in the hopper
dredging dump (Pigure 17) indicate the source to be the river, but river
sedinents were not dumped there this year.
Phosphorus

River sediment phosphorus concentrations (Figures 3 and 19) are
lowest at the river mouth, rising to a point 3.5 miles upstream, then
declining farther upstream. River sediments averaged about 4 mg/g or &
lbs/ton éry weight phosphorus. This is equivalent tc U,.2 pounds per cubic

yard of in-place sediment or €,L80 pounds per 1350 cubic yard scow load.
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Thus 3,71C,000 pounds have been removed in the past year trrom river
dredging. This is equivalent to nearly &ll of the known phosphorus
discharges to the Cuyahoga River.

The phosphorus level in the outer harbor sediments (Figure 5)
was fairly constant, averaging about 1.5 mg/g or 3 1lbs/ton dry weight.
Thus a 850 -ton hopper would contain 2,550 pounds and 596,000 pounds
were removed by hopper dredging in the past year.

Only a few phosphorus analyses of dumping area sediments have been
made {Figure 19) although more will be made. Higher values in the
hopper dump indicated the presence of both river and ocuter harbor
sediments.

Nitrogen

Total nitrogen in the Cuyahoge River sediment was time-variable,
The first samples in March 1967 showed much higher nitrogen content,
especially ammonia, than later samples, probably because of slowver
breakdown of ammonie in winter, resulting in accumulation.

The average total nitrogen content for all sampling in the river
vas about 5 mg/g or 10 lbs/ton and the content rose upstream (Figure 3).
This figure may be low for estimating removal because much of the mater-
ial was removed when concentrations were higher. Assuming however
that the average concentration in removed sediment was S5 mg/g, the con~
centration per cubic yard of in-place sediment was about 6.0 pounds,
This gives a total of 4,647,000 pounds removed during the past year.

In the harbor the nitrogen concentration was more uniform, and
much lower (Figure 5), averaging 1.6 mg/g dry wveight or 3.2 lbs/ton;

A 800-ton hopper load would contain 2,560 pounds. This rate applied

28
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J

to the past year's dredging gives €36,00" pounds removed for that

period.

Total nitrogen in the dumping ground varied concideratly with
time (Figures 20 through 4). The river dump is most apparent
{Figure 7), and the hopper dredge dump became less conspicuous with
time in regard to nitrogen (Fipures 22 and 23).

Total Iron

The iron content of the river sediments is high. Only samples

taken on the first sampling run have been msnalyzed for iron, but those

analyses showed an average concentration of about 110 mg/g or 220
lbs/ton dry weight above one mile from the mouth (Figure 3). Near
the mouth the concentration drops to about 30 mg/g. .Using an

average

. of 110 mg/g orl32 pounds per cubic yard of in-place sediment, a scow

load contains 178,060 pounds of iron and 101,980,000 pounds were roe- *
moved from the river in the past year.

Iron content of the outer harbor sediments averaged adbout L5 mg/g
or 90 lbs/ton dry weight (Figure 5). This gives T6,500 pounds per
850~ton hopper load and 17,885,000 pounds for the vast year,

Total iron in the durping ground sediments shows dramatically the
effect of dumping (Figure 7). Concentrations exceeded those found in
the harbor area with several samples above 150 mg/g (Figures 25 and 26}.

These higher concentrations may result from winnowing of lighter

materials,

Silica

The amount of silica in the sediment is an indication of the con--

b L BN e 1 T e

{ tribution of inorganic land runoff. It is in general inversely related
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